Objective: To evaluate the impact on glucose and insulin metabolism of transdermal estrogen patches before and after the addition of cyclic dydrogesterone in postmenopausal women. Design: We studied 21 postmenopausal women seeking treatment for symptomatic menopause. All patients received transdermal 50 mg/day estradiol for 24 weeks. After 12 weeks of treatment, 10 mg/day dydrogesterone were added. Methods: During both regimens, insulin and C-peptide plasma concentrations were evaluated after an oral glucose tolerance test (OGTT); insulin sensitivity was evaluated by a hyperinsulinemic euglycemic clamp technique. Insulin and C-peptide response to OGTT were expressed as area under the curve (AUC) and as incremental AUC; insulin sensitivity was expressed as mg/kg body weight. Fractional hepatic insulin extraction (FHIE) was estimated by the difference between the incremental AUC of the C-peptide and insulin divided by the incremental AUC of the C-peptide. Plasma hormone and lipid concentrations were assessed at baseline and at 12 and 24 weeks of treatment. Results: Nine patients proved to be hyperinsulinemic and 12 were normoinsulinemic. Transdermal estrogen treatment significantly decreased the insulin AUC (P < 0.05) and the insulin incremental AUC in hyperinsulinemic patients; addition of dydrogesterone further decreased both the AUC and incremental AUC of insulin. Estrogen alone and combined with dydrogesterone evoked a significant increase in C-peptide AUC in hyperinsulinemic (79.2%) and normoinsulinemic (113%) patients. The treatment increased the values for FHIE and insulin sensitivity in all patients (P < 0.04) and in the hyperinsulinemic group (P < 0.01), whereas it did not affect such parameters in normoinsulinemic patients. Conclusions: Transdermal estrogen substitution alone and combined with cyclical dydrogesterone may ameliorate hyperinsulinemia in a selected population of postmenopausal women.
Introduction
There are conflicting data on the impact of the menopause on glucose metabolism: earlier studies reported a deterioration in glucose tolerance and an increase in plasma insulin (1, 2) , whereas other investigations found no significant changes in carbohydrate metabolism (3, 4) .
It has been suggested that estrogen replacement therapy (ERT) improves insulin sensitivity and is able to decrease fasting insulin concentrations without a deterioration in glucose homeostasis (5) . In a prospective randomized cross-over study over 3 months, unopposed supraphysiological doses of ERT had no effect on glucose tolerance or insulin sensitivity in postmenopausal women (6) .
Recently, concern has been expressed regarding the potential negative metabolic impact of the addition of progestin to ERT. Although, in female rats, progesterone seemed to antagonize the action of insulin on tissues (7) , some authors (8) concluded that the addition of progestin did not appear to attenuate the possible benefits of ERT. Moreover, human studies on metabolic changes provided the existence of a heterogenous pattern of carbohydrate metabolism in postmenopausal women.
In this prospective study, the effect on glucose and insulin metabolism of physiological transdermal estrogen replacement combined with dydrogesterone was studied in postmenopausal women and analyzed in relation to their metabolic status, particularly that of insulin secretion.
Gynecologic Department of our University for the relief of menopausal symptoms, entered the study protocol. Women were between 1 and 5 years postmenopausal; none had undergone hysterectomy or bilateral oophorectomy. Prior to the women's entry to the study, assessment of plasma follicle-stimulating hormone (FSH >50 IU/l) and 17-b-estradiol (<10 pg/ml) concentrations, mammography, transvaginal ultrasound examination, cervical cytology and hysteroscopic endometrial biopsy were performed and found to be normal or compatible with menopausal status. No patient was currently taking drugs known to affect lipid or glucose metabolism, nor had they taken any steroid within the previous 6 months. None smoked more than 10 cigarettes/day or drank more than 300 g alcohol/week. Diabetes or impairment of glucose tolerance, breast cancer, altered liver or kidney parameters, history of major thromboembolism, thyroid disease and uncontrolled or b-blocker-treated hypertension (systolic blood pressure greater than 160 mmHg or diastolic pressure greater than 90 mmHg) were considered exclusion criteria. The study was approved by the Ethics Committee of our University. Informed consent was obtained from each woman.
Estrogen patches delivering transdermal 50 mg 17-bestradiol daily, were administered to each woman (Epiestrol 50; Roerig Farmaceticals, Latina, Italy) for 24 weeks. Patches were changed twice weekly. After 12 weeks of unopposed continuous estrogen therapy, cyclic dydrogesterone 10 mg/day orally (Duphaston; Solvay Duphar BV, Weesp, The Netherlands), added for 12 days of each 28-day cycle (from day 10 to day 21) was continued until the end of the study. The dosage of transdermal compound was chosen in the light of published data showing it to be near the range of the physiological activity of estrogens during the menstrual cycle (9) .
Women attended the Obstetrics and Gynecologic Unit before and at 12 weeks and 24 weeks after the start of the study. An oral glucose tolerance test (OGTT) and a hyperinsulinemic euglycemic clamp were performed before treatment, at 12 weeks of estrogen treatment before the addition of progestin, and during the second week of the last cycle of progestin coadministration. At the same time, FSH, luteinizing hormone (LH), prolactin, 17b-estradiol, estrone, cortisol, dehydroepiandrosterone sulfate (DHEAS), androstenedione, 17-hydroxyprogesterone (17-OHP), testosterone, sex hormone-binding globulin (SHBG), low-density lipoprotein (LDL-C), high-density lipoprotein (HDL-C) and very-low-density lipoprotein (VLDL-C) cholesterols, and non-esterified fatty acids (NEFA), together with an evaluation of the coagulation profile, were assayed. Each time, the women were admitted to hospital and an ultrasonographic pelvic evaluation was performed to monitor the endometrium and ovaries.
The OGTTs were performed, as follows, after the patient had followed a standard carbohydrate diet (300 g/day) for 3 days and fasted overnight for 10-12 h. At 0800 h, an indwelling catheter was inserted into the antecubital vein of one arm and flushed with heparinized saline solution. Basal blood samples were collected at 0 and 30, 60, 90, 120, 180 and 240 min after the ingestion, within 5 min, of 75 g glucose in 150 ml water. In all samples, glucose, insulin and C-peptide plasma concentrations were determined; in basal blood samples, other hormonal and biochemical assays were also performed.
Insulin sensitivity was assessed by the use of the hyperinsulinemic euglycemic clamp technique (10) . The test was performed 2 days after the OGTT, after a 12-h overnight fast. A retrograde intravenous catheter was inserted into a hand or forearm vein for blood sampling and kept in a warming device at 60 ЊC to arterialize the venous blood samples. Another indwelling catheter was inserted in the contralateral forearm vein (Cavafix, B Braun, Melsungen, Germany) for the glucose and insulin infusions. A two-step, primed, constant infusion of human insulin (Actrapid HM, Novo Nordisk, Bagsvaerd, Denmark) was administered at a rate of 40 mIU/m 2 per min. Within 10 min after a steady state velocity of insulin infusion was reached, in order to achieve steady-state insulin circulatory concentrations of about 717 pmol/l during the clamp (range 574-897 pmol/l), a variable infusion of 20% glucose was begun via a separate infusion pump. Blood samples were taken from the arterialized line every 5 min, and blood glucose concentrations were immediately measured on a glucose analyzer. The exogenous glucose infusion was adjusted according to a standard algorithm to maintain the blood glucose concentration between 4.4 and 4.9 mmol/l. Anthropometric measurements (height and weight) were obtained to calculate body mass index (BMI; kg/m 2 ). Patients with a BMI of 25 kg/m 2 or greater were defined as obese; this cut-off point was approximately at the median. Waist : hip ratio (WHR) was measured as the ratio of the waist circumference to that of the hip. Samples for measurement of plasma glucose concentrations and biochemical parameters were assayed immediately; samples for measurement of basal and stimulated insulin and C-peptide, together with other hormones, were centrifuged promptly and the plasma stored at ¹20 ЊC until required for assay.
All hormones were measured by commercial RIA kits (Radim, Pomezia, Italy). The intra-and interassay coefficients of variation were less than 8% and 15% for all hormones, respectively. The cross-reactivity of pro-insulin in the radioimmunoassay for insulin was about 40%.
Plasma glucose concentrations were determined by the glucose oxidase technique, using an a glucose analyzer (Beckman Instruments, Palo Alto, CA, USA). Plasma total cholesterol and triglyceride concentrations were measured using commercially available kits. VLDL-C was separated (as supernatant) from LDL-C and HDL-C by ultracentrifugation of native lipoprotein. NEFA were determined by an acyl coenzyme-A oxidasebased colorimetric method.
A normal glycemic response to OGTT was defined according to the criteria of the National Diabetes Data Group (11) . Glucose, insulin and C-peptide plasma concentrations were expressed as fasting values and as time courses over 240 min after glucose load; insulin and C-peptide were also expressed as area under the curve (AUC) after glucose load, calculated by the trapezoidal rule. The incremental AUC for both insulin and C-peptide was calculated by the difference between AUC and basal AUC (basal AUC = area of the curve theoretically due to the fasting value per 240 min). The patients were classified as normo-or hyperinsulinemic according to their insulin response to OGTT, assuming an AUC cut-off value of 107 625 pmol/l per 240 min, as previously described (12) .
Pancreatic insulin secretion was analyzed on the basis of C-peptide concentration measures, because of its equimolar secretion with insulin and its negligible hepatic metabolism (13) .
Fractional hepatic insulin exctraction (FHIE) was estimated by the difference between the incremental AUC of the C-peptide and insulin divided by the incremental AUC of the C-peptide (14) .
Insulin sensitivity (M value) was calculated as total body glucose utilization, determined between 60 and 240 min of the glucose clamp, and expressed as mg/kg body weight per min. because the M value/insulin ratio fails to narrow the range of the individual sensitivity values (15) .
Data were stored and analyzed using SPSS (Statistical Package for Social Science; release 5 . 0) on an IBMcompatible computer. A Kolmogorov-Smirnov test was performed to asses differences in the general shapes of the distributions. In accordance with the non-parametric distribution of the studied population, data were analyzed as median and range, but expressed as media and standard error (S.E.).
A value of P < 0.05 was considered to be significant. Differences between baseline and treatments were analyzed by one-way analysis of variance (ANOVA) and Scheffe's test for post-hoc comparisons. The Mann-Whitney U test was used to assess differences between independent samples.
Correlation between variables was calculated by a bivariate analysis according to Spearman.
Results
All patients recruited completed the study protocol. On the basis of their insulinemic response to OGTT, nine patients (43%) were hyperinsulinemic and 12 (57%) were normoinsulinemic. No difference in glomerular filtration was observed between the groups and in relation to treatments. No patient developed skin irritation, bleeding disturbances or mastalgia. Blood pressure remained stable during treatment compared with pretreatment values, and no changes in dietary habits were reported to occur during the study. BMI and WHR values were similar among the two groups, and no change was reported during treatment. The fasting glucose plasma concentration was unchanged with respect to baseline after estrogen alone or after estrogen-progestin combined therapy, and no differences were found between hyper-and normoinsulinemic groups (Table 1) . Neither estrogen alone nor the estrogen-progestin combined regimen affected fasting insulin plasma concentrations in all the groups studied. At 12 and 24 weeks of treatment, all studied groups, and the hyperinsulinemic patients, showed significantly greater C-peptide plasma concentrations compared with those observed before treatment (P < 0.05); the addition of progestin did not reverse these concentrations to the pretreatment values. Neither estrogen alone nor estrogen-progestin combined affected glucose plasma concentrations, as shown by the time courses of glucose concentration after the glucose load ( Fig. 1) . Figure 2 shows the insulin response to OGTT expressed as time courses of insulin concentration over 240 min after the glucose load and as AUC and incremental AUC before and during the two-step treatments in all patients studied. It can be seen that, in the entire study population and in the normoinsulinemic women, both treatments failed to affect significantly the insulin AUC or incremental AUC compared with pretreatment values. However, hyperinsulinemic patients treated with transdermal estradiol demonstrated a significant decrease in plasma insulin at 60, 90 and 120 min (P < 0.05) and in insulin AUC (P < 0.05); the addition of dydrogesterone further decreased both the insulin AUC (by 14% with respect to that produced by estrogen alone) and the insulin incremental AUC. The overall effect of treatment in the hyperinsulinemic group resulted in a statistically significant decrease in both insulin plasma concentrations after the glucose load at 60, 90 and 120 min, in the insulin AUC (P < 0.02), and in insulin incremental AUC (P < 0.04). These parameters, which before treatment had significantly greater values in the hyper-than in the normoinsulinemic group (P < 0.001 and P < 0.0001 respectively), became superimposable in the two groups after 12 and 24 weeks of treatment.
The effect of the scheduled therapy on C-peptide secretion is shown in Fig. 3 . Transdermal estrogen treatment induced a highly significant increase in Cpeptide plasma concentrations after the glucose load, in C-peptide AUC (49%, P < 0.01), and in the incremental AUC of C-peptide (38.5%, P < 0.05); dydrogesterone evoked a further increase in these parameters, even though significance was not achieved in comparison with estrogen alone. A similar C-peptide response to OGTT was seen in hyper-and normoinsulinemic women before treatment. In each group, there was a progressive and significant increase in both parameters. Therefore, the overall effect of treatment was an improvement in C-peptide, either as the time course plasma concentrations after the glucose load or as the AUC (entire study population: 79.5%, P < 0.01; hyperinsulinemic group: 79.2%, P < 0.03; normoinsulinemic group: 113%, P < 0.01) and its incremental AUC (all women: 115%, P < 0.001; hyperinsulinemic group: 136%, P < 0.04; normoinsulinemic group: 56.5%, P < 0.03).
Data for FHIE are summarized in Fig. 4 . In the hyperinsulinemic group, there were significantly lower baseline values (P < 0.01) compared with those in the normoinsulinemic group. After the estrogen regimen, a significant improvement in this parameter was seen in all treated patients (P < 0.05) and in hyperinsulinemic patients (P < 0.02). Therapy did not affect FHIE in normoinsulinemic women. The overall effect of treatment was superimposable in all the women, and in the hyperinsulinemic group (P < 0.001). Figure 4 also shows the total body glucose utilization (M value) in the groups studied. Before treatment, hyperinsulinemic patients showed greater, although not statistically significant, M values. Normoinsulinemic patients did not exhibit any improvement in insulin sensitivity during treatment. In contrast, all patients, and the hyperinsulinemic group alone, exhibited a significant increase in M value at the end of the two-step regimens (all patients: P < 0.04; hyperinsulinemic group: P < 0.01). Table 2 shows the hormonal and lipidic profiles in the different study groups. Transdermal estrogen treatment significantly reduced FSH (P < 0.05) and increased 17b-estradiol and estrone plasma concentrations; no net change was detected for these variables after the 12 weeks of additional progestin treatment. Androstenedione and 17-OHP plasma concentrations were not significantly different before and after treatments. DHEAS plasma concentrations decreased significantly after estrogen alone. A significant increase in SHBG plasma concentration was found at 12 and 24 weeks of treatment (P < 0.02); no significant changes occurred after the addition of dydrogesterone.
No significant differences were found in the previously cited parameters among the normo-and hyperinsulinemic groups overall during the study, with the exception of greater plasma concentrations of androstenedione and SHBG (P < 0.05) at time c in the hyperinsulinemic group than the normoinsulinemic women.
The plasma concentration of cholesterol, LDL-C, triglycerides, HDL-C and VLDL-C did not show any significant variation in relation to the treatments. A superimposable lipidic pattern was observed in the hyper-and normoinsulinemic patients at baseline and after both estrogen alone and the combined therapy. For additional details see Tables 1 and 2 .
Discussion
Data from retrospective or prospective or longitudinal studies provide extensive and consistent evidence that ERT decreases the risk of coronary heart disease, possibly through the induced changes to the lipidic profile (16) (17) (18) . Recent in vivo and in vitro studies (19) suggest that the link between the hypothesized beneficial effect of ERT and the suggested effect on the lipidic pattern may be insulin secretion or sensitivity, or both, or glucose-induced re-uptake, which are clearly involved in the pathophysiological mechanism of non-insulin dependent diabetes mellitus (NIDDM), hypertension and coronary heart disease.
There are few studies on the effects of menopause, either surgical or natural, on glucose metabolism and insulin action. In the Framingham study (20) , 372 women who underwent menopause were investigated and compared with age-matched premenopausal women; no net change was found in blood glucose. In other studies (21) , both fasting glucose and insulin increased more in women who became menopausal than in premenopausal women, although the glucose response to OGTT did not differ. The most detailed evaluation to date (22) , indicated that the menopause status, per se, is related to a reduced pancreatic insulin response to glucose and a diminished rate of insulin elimination, so that the deficiency in insulin secretion is compensated by a reduced elimination resulting in no net effect on glucose tolerance or insulin plasma concentrations. When insulin sensitivity was investigated, conflicting results were found, as a result of the standardization of the studied population or the different mathematical modelling analysis used. Detailed evaluations by Lindheim et al. (5) and Godsland et al. (23) revealed a negative correlation between age of menopause and insulin sensitivity or hepatic insulin elimination, or both.
Many published studies have evaluated the influence of estrogen treatment on glucose metabolism. In a recent randomized study, glucose response to OGTT was found to be increased in estrogen-progestin users, but unchanged in an estrogen-alone treatment group. The differences between groups were consistent, with an improved insulin sensitivity in the women taking estrogen alone (24) . Conversely, other studies suggested no effects of estrogen therapy on fasting insulin and Cpeptide or OGTT glucose, insulin and C-peptide responses (4) .
The results of our study showed that 12 weeks of transdermal estrogen therapy did not affect fasting and OGTT-induced insulin plasma concentrations. Although there was a marked increase in pancreatic C-peptide production, an improvement in FHIE was able to balance the circulating insulin plasma concentrations within the range of normoinsulinemic values. It is interesting to note that addition of dydrogesterone over 12 weeks did not appear to modify the adaptative mechanism leading to unchanged insulinemia, in spite of the increase in pancreatic secretion. A further improvement in FHIE, together with an increased peripheral insulin sensitivity, may explain this phenomenon. Pancreatic C-peptide production and improved FHIE are time-dependent effects of estrogen treatment, and the addition of dydrogesterone does not impair this action.
The most relevant clinical finding of this study is that ERT, hormone replacement therapy (HRT), or both, had differential effects on insulin metabolism in relation to the metabolic status of postmenopausal women. In those patients showing an exaggerated insulin response to OGTT, 12 weeks of transdermal estradiol administration was able to reduce such an insulin response significantly, by 30%; this effect was due to a two-to threefold increase in FHIE, in spite of a concomitant increase in b-cell activity. Also, when combined with dydrogesterone, transdermal estrogen therapy was able to enhance this trend further towards an amelioration of glucose tolerance, by a further increase in FHIE associated with a significant improvement in the insulin sensitivity.
In the normoinsulinemic group, estrogen substitution did not affect all parameters studied; however, after 24 weeks, with addition of dydrogesterone, a significant increase in b-cell activity was counteracted by a slight, but not significant, increase in FHIE, which maintained the insulin circulating plasma concentrations unchanged.
In the light of these results, some preliminary conclusions can be drawn, although they need to be confirmed in larger studies. 1) Physiological transdermal estrogen substitution over 24 weeks is associated, in menopausal women, with improved insulin sensitivity. 2) There is evidence for a remarkable increase in pancreatic b-cell function after 12 weeks of treatment.
3) Fasting and OGTT-induced insulin and glucose plasma concentrations are unaffected by 0.05 mg/day transdermal estrogen, either at 12 or at 24 weeks. 4) The addition of dydrogesterone did not counteract the beneficial effects of estrogen administration on glucose tolerance. This finding is apparently in contrast with data in the literature, as it is known that the use of progestins such as medroxyprogesterone acetate may cause a deterioration in glucose tolerance and insulin resistance, acting through a glucocorticoid-like mechanism that is not seen with progesterone and dydrogesterone (24, 25) . 5) Hyperinsulinemic women appear to be a population who should be considered for transdermal ERT and, when necessary, for dydrogesterone progestin-combined HRT, because of the improvement that can be achieved in glucose homeostasis.
It is difficult to explain by a cause-effect mechanism why some postmenopausal women are hyperinsulinemic, taking into consideration that they have insulin sensitivity and BMI superimposable on those of normoinsulinemic women. The main cause may be ascribed to a reduction in hepatic clearance. The improvement that we observed after 12 and 24 weeks may have been due to hepatic enzymatic induction by transdermal estradiol. In previous studies (19) , parenteral estrogen administration was able to produce an increase in plasma estradiol concentrations to more than 700 pmol/l, associated with a 20% decrease in LDL-C. Moreover, the significant increase in SHBG observed in our study could further support the contention of an impact upon the liver by prolonged transdermal estrogen treatment. In the light of the well known linkage between aging, insulin resistance and the occurrence of impaired glucose tolerance or NIDDM, one can speculate that deterioration in glucose tolerance may be preventable in 222 F Cucinelli and others EUROPEAN JOURNAL OF ENDOCRINOLOGY (1999) 140 Table 2 Lipid and hormonal profile before (a), after 12 weeks of estrogen treatment (b) and after dydrogesterone addition (c). Values are expressed as meansϮS.E hyperinsulinemic postmenopausal women, as the net positive effect of transdermal therapy on glucose homeostasis in these patients would be an improvement in insulin secretion and metabolism, and in peripheral insulin sensitivity.
In conclusion, this is the first report in which it is shown that physiological transdermal substitution alone, in addition to dydrogesterone combined cyclically, may potentially reduce the exaggerated insulin response to OGTT in postmenopausal hyperinsulinemic women. Further observations are necessary in order better to elucidate this interesting point.
